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TABLE (.--Mean values of ahnospicetic pressures temperatures, vapor 
esswes, and dcna’ties b a d  on sounding batloon observations at 

%rtOmnha, Nebr.: Indianapqlis, Id.; Huron, S. Dak.; and Avalon, 
Cal. (Englbh measures)-Contmued. 
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TABLE Fi.-iUean annual utntosphrie pressures, tent. matures, tInd 
densitice at various heights above staleid in  Enginnd. 

TABLE B.-Meun annuul LnsitiUs, as observed at Mount Weuther, 171.. 
in llic central nnd awstmn lrnited Stutes and in Bq/mtrl. 
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* Based on few obserpetlons; agures not regarded 88 reliable. 

THE TUBNINQ OF W114DS WITH ALTITUDE. 

By WILLIS RAY GREQO, Meteorologbt in Charge. 

[Dated: Dhlsbm Of Aerol@cnl I~VeStigstltms, Weather Bureau, Feb. 16,1918.1 

Freeair wind conditions, as obsbrved at  Mount Weather, 
Va., have been summarized in the Bulletin of the Mount 
Weather Observatory (v. 6, t. 4) and somewhat more 
briefl in “Meteorolo 

Committee for Aeronautics as &port No. 13. The pur- 
pose of-the prtsent paper is to resent some additional 

to those given 111 the sumfnaries mentione8 and whic 
am believed to be of considerable interest and value to 
fbvirtore. 

and 1 eronautics” by Ma’ Wm. 
R. BL, recently pu Y lished b the National Ad.visory 

1 conclmons wkch may be consi i ered as su plementar 

In this summary no free-air observations at altitudes 
less than 1,500 meters have been used. Those from 1,500 
to 2,000 meters have been considered as havin reached 

balloon records also have been ignored, as they were made 
when both surface and upper mnds were variable, owing 
to “flat nia ” conditions (i. e:, no well-developed EIIQH 
or LOW), an lno  re@ar or consistent turning of the winds 
was apparent. Finally, on days when more than one 
observation was made, only one has been considered, v- 
cept when the records were obtained under radically dlf- 
ferent conditions (e. g., before and after the passage of 
a LOW). With these exceptions, all free-air observations 
ever made at Mount Weather have been considered, in- 
cluding those in the diurnal series work and in the ‘‘ Inter- 
national” records in 1913-14. These exceptions should 
be borne in mind in connection with Table 1, which gives 
the percentage frequency of winds at  the surface from 16 
directions . 

TABLE I.-Pmrmtage fiequeney of sudace m’d  &ni 16 chicetions. 
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The values in this table are sli htJy different from 
of the Mount 

Weather Observatory (repeated in Table 2, p. 44, of Re- 
port No. 13, Meteorolo y and Aeronautics). The latter 

only and includes those in which an altitude o less than 
1,500 meters was reached. Of the observations in the 
summer months to a height of less than 1,500 meters, 
a large proportion were made with a surface wind from 
north-northeast to east. This wind was in nearly all 
cases veiy slidow, and above it there was a layer about 
1 kilometer in depth with little, if. any, wind. At 
hi her levels clouds, if present, usually mdicated a west- 

1,500 meters in hei ht were usually made in a surface 

altitude, thus beating &e h t e s  down. It is probable 
that these winds would show about the same turning 
tendencies as those indicated later for the westerly 
winds. 

those in Table 33, v. 6, part 4, Buletin 91 
table is, however, base d on observations durin 1911-13 B 

e r y  f wind. Those observations in winter to less than 

westerly wind whic h ra idl increased in velocity with 

TABLE l.-iUscm hrrnina of wind8 wfUi allitudc. when ncz/oec w i d 8  are of rnodavlN 
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Dlreotirm at auth's surfnce. 

The following remarks are based on yearly avera ea. 
The same tendencies are shown in all the months, f u t  
more decidedly in the winter than in the summer half of 
the gear. With surface winds of moderate velocity the 
tumng with altitude for the year is given in Table 8. A 
detailed study showed that certain groups of surface winds 
have practically the same turning characteristics-viz, 

north, north-northeast, northeast, and east-northeast ; east 
and east-southeast ; and southeast, south-southeast, south, 
south-southwest, and southwest. In the first group the 
tendency to clockwise turning is somewhat greater than 
that to counterclockwise, about 20 per cent showing no 
turning. In  the second roup the clockwise turning is 

about 94 per cent. It is greatest, 98 per cent, with south- 
southeast and least, 89 per cent, with southwest winds. 
Surface winds from west-southwest, west, west-northwest, 
northwest and north-northwest could not be grouped and 
am therefore 'ven individually. The clockmse tendency 
decreases wi a surface winds from west-southwest to 
northwest, being 76 per cent for west-southwest, 51 per 
cent for west, 41 per cent for west-northwest, and 29 per 
cent for northwest, the counterclockwise turning being, 
respectively, 7, 13, 99, and 40 per cent. Winds aloft were 
the same as at the surface in 17,37,30, and 31 per cent of 
the cases, respectively. Surface north-northwest winds 
show about an equal tendency to clockwise and counter- 
clockwise turning. 

large, about 75 per cent. L the third group it amounts to 

TABLE 3.-Pmen&7e f r q w n q  of a wmt componunl al direrent le& up lo 4,oOO mclera. 
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* Burlace of ground at Mount Weather, Va. 

In Table 3 is shown the percentage fre uenc of a west 

to 66 per cent of all the observations made a t  the surface 
m d  increases to 96 per cent a t  4,000 meters, being higher 
at  all levels in the winter than in the summer months. 
Little difference is apparent in the value of this com- 
poiient at 3,000 and 4,000 meters. This is also shown by 
the observations with soundin balloons at Fort Omaha, 

observations are not sufficiently nuinerous or well clis- 
tributed throughout the year to ive definite values, but 
are of interest in that they s fl ow the same general 
tendencies. 
TABLE 4-Permtage f iepu~ney of north ami south conaponents at 8,000 

and 4,000 meters under diJimtnt a o n d i h  of urind direction at tk 
aqfaa. 
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18 northward east of the station, surface winds are s u e  
24 cessirely north, north-northwest, and northwest, turnmg 

counterdockwise with altitude to northwest and west- 
35 northwest. 
19 (8 )  I n  general, the turning of winds with altitude is 
!a usuall such that they have a westerly component before 

the 3- m. level is reached. 

18 

i 

; .k.Audimtiom ............................ 
A t 4 0 0 0 1 ~ t e r I x  i. to wsw ............................. w ....................................... 

WNW. to ENE ......................... 
A l l d h c M ~ ~  ............................ 

North 

ponent. 
com- 

Per cent. 
9 

3B 
76 

47 

11 
39 
73 

. 4 5  

854 

152 
46 

199 

397 

Table 4 gives the percentage frequencies of north. and 
south components at 3,000 and 4,000 meters under dd€er- 
ont conditions of wind direction at the surface. These 
figures indicate that a southerly component in the surface 
wiiids still persists in 66 per cent of all cascs at 3,000 
meters and in 54 per cent a t  4,000 meters; it shifts to 
northerly in per cent and 11 per cent, respectively. In 
the other 85 and 35 per cent, respectively, tho wind aloft 
is cIue west. With surface westerly winds a northerly 
coil1po1lPJlt prevails in :39 par cent of the cases at 3,000 
and 4,000 meters, ant1 il, southerly component in about 
12 per cent, tlw remaining 49 per cent continuing west. 
With surface winds having u northerly component, this 
cornpoimi t pei=sis ts in about three-fourths of the cases 
at 3,000 and 4,000 meters, being 76 and 73 per cent, 
respectively. At those altitudes there was a souther1 
component in 6 and 8 per cent of the cases; west win (9 s 
prevailed in the remaining 18 and 19 per cent. When 
all observations are considered, it is found that, at 3,000 
and 4,000 meters, res ectivcly, due west winds prevail 

47 and 45 per cent, and a southerly component 29 and 
26 er cent. 

#he foregoing discussion and tables are based on 
aver?ge conditions and it is necessary, in predicting wind 
conditions aloft, to h o w  the ressure distribution pre- 
vailing a t  the time, as charteaon daily weather maps. 
When this distribution is known, fairly reliable forecasts 
of wind directions can be made by the following rules: 

24 and 29 per cent o P the time; a northerly component 

RULES FOR FORECASTING WINDS ALOFT. 

(1) With a distant LOW ap roaching from the south- 

them is a layer about 1 kilometer in depth in which there 
is little or no wind; above this layer southwesterly winds 
prevail. 

( 2 )  As a LOW passes north of the station, surface winds 
are successively southeast, south, and southwest, and the 
turning of wind with altitude is clockwise, the upper 
winds nearly always being southwest to west. 

(31 With a LOW northeast of the station and a HIGH 
southwest, both surface and upper winds are northwtlst. 
As this HIGH approaches and passes south of the station 
the surface winds are successively west-northwest, west 
and westsouthwest, turning clockwise with altitude to 
nortliwes t. 
(4) With a HIDII east of the station and a LOW np- 

proaching from the west or west-northwest, winds are 
southwest and strong both at the surface and aloft. 

(5) With a HIGH north of the station and a LOW a - 
station, surface winds are north-northeast to east- 
nortlieast and there is little turning up to 4,000 meters; 
the turning a t  higher levels is counterclockwise to north- 
nor tliwes t and northwest . 
(6) Witsh a HIGH northwest and a LOW south of the 

station, surface winds are north to northeast, turning 
clockwise with altitude to northeast, and at higher levels 
counterclockwise back to north-northwest. 

west, surface winds are easter P y and shallow, and abwe 

proaching from the southwest and passing south of t f e 


